he angiotensin-converting enzyme (ACE) is a key enzyme in the renin-angiotensin system. An insertion (I)/deletion (D) polymorphism has been identified in intron 16 of the human ACE gene 1 and a number of clinical studies have shown that the D allele is associated with an increased risk of cardiovascular disease (CVD); 2 however, the findings from prospective studies on this topic are inconsistent. 3 A population-based epidemiological study designed to investigate the morbidity and mortality of CVD, as well as the risk factors, is ongoing in the town of Hisayama, Japan. 4 The most outstanding feature of this study is that the causes of death have been verified by autopsy in more than 80% of cases, 4 and their tissues have been stored as formalin-fixed paraffin-embedded blocks. In order to elucidate the association between the ACE genotype and CVD in a Japanese population, we needed to determine the polymorphism of the ACE gene of these tissues, but previous studies have suggested that archival material from paraffin-embedded blocks is unsuitable for most molecular techniques because the extracted DNA is highly fragmented. [5] [6] [7] However, Blömeke et al compared the genotyping results from paraffin-embedded tissues with those from fresh-frozen tissues, and found that the concordance was 97% when they minimized the length of the amplified products. 8 In the present study, therefore, we first examined the accuracy of the method for ACE I/D genotyping based on paraffin-embedded tissues by comparing it with that using fresh-frozen tissues in selected autopsy cases from the Hisayama study. We then determined the ACE genotype in most of the Hisayama autopsy cases.
Methods

Study Design
From the autopsy cases, tissue samples of the main organs, such as brain, heart, lung, liver, spleen, gastrointestinal tract and kidney, have been stored as formalin-fixed paraffin-embedded tissues since 1962, and as fresh-frozen tissues since 2000. To test the accuracy of the genotyping technique, the polymorphism was examined using paraffinembedded tissues from 18 cases whose ACE genotypes (6 Previous studies have suggested that archival materials from formalin-fixed paraffin-embedded blocks are unsuitable for most molecular techniques because the extracted DNA can be severely degraded. Therefore, the present study was designed to investigate the accuracy of genotyping for the insertion (I)/deletion (D) polymorphism of the angiotensin-converting enzyme (ACE) gene from paraffin-embedded tissues of autopsy cases from Hisayama Town, Japan. The genotype was determined using the double polymerase chain reaction method and to test the accuracy of the method, the polymorphism was investigated using paraffin-embedded tissues from 18 cases whose ACE genotypes (6 cases for each genotype) were known in advance from analysis of fresh-frozen tissue samples. Genotyping using paraffin-embedded tissues was then determined for 968 autopsy subjects. The genotype could be determined in 16 of the 18 test samples (88.9%) and there was no discrepancy with the results obtained from the fresh-frozen tissues. Of the 968 autopsy cases, the frequency of the DD, ID, and II genotypes was 12.4%, 47.3%, and 40.3%, respectively, a distribution that did not deviate from the Hardy-Weinberg equilibrium ( 2 2df = 0.67, p=0.72). These findings suggest the accuracy of the present method of ACE genotyping from paraffin-embedded tissues. (Circ J 2002; 66: 1034 -1036) cases for each genotype) were known in advance from fresh-frozen tissue samples. The genotype in paraffinembedded tissues was then determined for 968 autopsy subjects who had been members of at least one of 5 followup cohorts of the Hisayama study and who had died during the 39-year period from 1962 to 2000.
This study was conducted with approval of the ethical committee of Kyushu University, and written informed consent was obtained from the families of those who had died since 2000.
ACE I/D Genotyping
Extraction of DNA from fresh-frozen tissues was performed as described by Tukada et al. 9 The ACE I/D genotype was determined using the polymerase chain reaction (PCR) method, as described by Evans et al, 10 employing 2 primers (ACE1 and ACE3) outside the insertion sequence and a primer (ACE2) inside the sequence. Fig 1 is a schematic representation of the ACE intron 16. The length of the amplified products was 84 bp and 65 bp for alleles D and I, respectively. Amplification products were visualized after electrophoresis on 10% polyacrylamide gels with ethidium -bromide staining, and then the genotype was determined.
From paraffin-embedded blocks, 3 10-m sections were accurately prepared using a sterile scalpel to avoid contamination, and were deparaffinized as described by Fredricks et al. 11 DNA was extracted using an automatic nucleic acid isolation system (NA-2000; Kurabo Inc, Osaka, Japan). To check the degradation of the DNA, samples were visualized after electrophoresis on 0.8% agarose gels. A double PCR method was then performed using the residual DNA samples. The first-round reaction mixture was the same as that for the fresh-frozen tissues and the second-round PCR required 2 l of the first-round product, but reagents were otherwise unchanged. The genotype was determined from the amplified products. Contamination monitoring was performed by the use of extraction blank controls and water controls. To check the fidelity of the amplified products, we applied restriction enzymes, Tsp45I and XbaI to the products. Each amplified product was expected to yield 45 bp and 44 bp fragments from the D allele, and 44 bp and 26 bp fragments from the I allele by Tsp45I digestion. XbaI digestion of the product from the D allele was expected to yield 65 bp and 23 bp fragments, the product from the I allele has no site for XbaI (Fig 3A) . Digested products were visualized with ethidium -bromide staining after electrophoresis on 10% polyacrylamide gel.
Statistical Analysis
Genotype frequencies were compared with the values predicted by the Hardy-Weinberg equilibrium using the 2 test.
Results
The genotype of ACE could be determined in all 18 test samples except for 2 that had severely degraded DNA (detection rate = 88.9%). The ethidium -bromide-stained gel of 3 samples of the ACE genotypes is shown in Fig 2. Including these samples, no discrepancy was observed between the results obtained from paraffin-embedded tissues and those from fresh-frozen tissues (correspondence rate = 100%). We then applied 2 restriction enzymes, Tsp45I and XbaI, to the amplified products and as expected, Tsp45I digestion yielded 45 bp and 44 bp fragments from the DD sample, 45 bp, 44 bp, and 26 bp fragments from ID and 44 bp and 26 bp fragments from II ( Fig 3B: the 45 bp and 44 bp fragments are barely separated). By XbaI digestion, the amplified product from the D, but not the I, allele yielded a band of 65 bp as expected, but a band corresponding to a 23 bp fragment was hardly detected (Fig 3C) .
We further examined the polymorphism using paraffinembedded tissues from 968 autopsy cases of the Hisayama residents and of these, the genotype could be determined in 953 cases (detection rate = 98.5%). No relationship could be seen between the length of storage in paraffin-block form and the detection rate of the genotype. The frequency of the DD, ID, and II genotypes was 12.4%, 47.3%, and 40.3%, respectively, a distribution that does not deviate from the Hardy-Weinberg equilibrium ( 2 2df = 0.67, p=0.72).
Discussion
In the present study, we were able determine the ACE genotype at a high level of accuracy (correspondence rate with controls, 100%) from most of the paraffin-embedded tissues analyzed (detection rate, 89%). Furthermore, the fidelity of the genotyping was confirmed by restriction enzyme digestion of the amplified products. 
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Some previous studies have suggested that archival materials from paraffin-embedded blocks are unsuitable for most molecular techniques because the extracted DNA can be severely degraded. [5] [6] [7] In order to prevent that problem, we minimized the fragment length (<100 bp) because it seemed unlikely that degradation would then be a problem as every single copy of the gene would have to be degraded to completely inhibit PCR amplification. Blömeke et al also minimized the fragment length and found that the rate of misclassification for paraffin-embedded tissues was very low. 8 Among the Hisayama autopsy series, we could not determine the ACE genotype in 15 cases (1.5%) and electrophoretic analysis of these samples showed more severe degradation of the DNA compared with the others. The quality of DNA isolated from formalin-fixed paraffinembedded tissues depends on the time between the death of the tissue and the moment of fixation, the length of fixation, and the length of storage in paraffin-block form. [5] [6] [7] In the present study, we could not find a relationship between the length of storage in paraffin-block form and the detection rate.
Higaki et al determined the ACE I/D polymorphism among 5,014 Japanese men and women in Suita City, and reported the frequency of the DD, ID, and II genotypes as 13.1%, 44.6% and 42.2%, respectively. 12 Other cross-sectional studies have shown a similar distribution of the ACE genotype among Japanese individuals. [13] [14] [15] Those findings accord with our present results, implying that we accurately determined the ACE I/D genotype with our method.
Conclusion
Our results suggest the accuracy of our method of ACE I/D genotyping from paraffin-embedded tissues and we will now be able examine the prospective contribution of ACE polymorphism to the occurrence of CVD in our cohort study.
